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GEORG1 J. STIGLER
A few of the many illustrations of these findings may be given.
Diminishing returns is illustrated by the facts that the amount of calcium in the body increases much more slowly than the input of calcium, and that increases of longevity are not proportional to increases of calcium inputs.' The incidence of goiter was found to vary in inverse proportion to the amount of iodine in the water in Michigan localities.2 An example of substitution is the recommendation of 30 micrograms of thiamine per 100 calories not derived from fats,3 and one of complementarity is the loss of riboflavin which accompanies a deficiency of thiamine.4
The science of nutrition is much too young to have attained even an approximate measurement of the "health" function for representative individuals, or to determine the extent of individual variation. The optimum quantity of calories is known fairly accurately, but the requirements of other nutrients are known only roughly or not at all. Many minima (to which 50 percent is usually added as a safety factor) are found by determining the lowest level of input compatible with a stable rate of loss of the nutrient through excreta. It is probable that nutrient requirements have been overstated; for example, a 5 month experiment on young men with riboflavin held at less than two-thirds of the recommended level led to the conclusion that they did not suffer any clinical or physiological defects.5 The interrelationships among the various nutrients are even more obscure, and they are virtually ignored in dietary recommendations.
The ultimate health function will doubtless be very complex. In addition to calories, the body requires about thirteen minerals (some in very minute quantities), and perhaps half as many vitamins. Protein contains two dozen amino acids, of which almost half are necessary to human beings.6 The precise determination of our needs for these-and no doubt other yet undiscovered-nutrients lies far in the future.
Nevertheless standards of dietary adequacy have been established, perhaps prematurely and certainly very tentatively. The "allowances" (a term used to indicate their preliminary nature) of the National Research Council embody what is presumably the 1943 consensus of the experts; they are given in Table 1 . Other minerals and vitamins are believed to be supplied in adequate quantities if these nutrients are secured from natural foods. The requirements are net of losses in the preparation of food. These standards are met by the minimum cost diets derived subsequently. 
Nutritive Values of Foods
The minimum cost of an adequate diet is obviously governed by the nutritive values and costs of the foods eligible for inclusion. The very restricted list of foods considered in this study is discussed in Section 3 and the foods are listed in Tables A and B. It may be mentioned here that only natural foods are included; vitamin pills are excluded because they do not contain all of the nutrients (known and unknown) which are necessary to good health.7
The nutritive values of common foods are known only roughly, Again, the ascorbic acid in milk varies with the season. part in the minimum cost diet.15 It may be noted also that since the prices are averages, they overstate the cost for a representative city because a food with lower-than-average price can be exploited and a food with higher-than-average price curtailed. As a first step in finding the minimum cost diet, one may exclude any commodity all of whose nutritive values (per dollar of expenditure) are less than those of some other commodity. This procedure is carried a trifle farther in practice, by excluding also a commodity which is definitely inferior to another in its important nutrients and only slightly superior in others. For example, white bread (commodity no. 9) has less than half the nutrients (per dollar) of white flour (commodity no. 1) except for calcium, for which neither commodity is an economical source. This preliminary weeding reduces the list of eligible foods from 77 to 15, and excludes all meats except liver, all sugars, beverages, and patented cereals. The survivors are starred in Table A. Thereafter the procedure is experimental because there does not appear to be any direct method of finding the minimum of a linear function subject to linear conditions. By making linear combinations of various commodities it is possible to construct a composite commodity which is superior in all respects to some survivor, and by this process the list of eligible commodities can be reduced at least to 9 (which are double starred in Table A ). The nutritive values of each of these commodities is then expressed in terms of days' supply of requirements. Various combinations of commodities were used to fulfill certain nutrient requirements,16 and the one finally chosen is presented in Section 4. There is no reason to believe that the cheapest combination was found, for only a handful of the 510 possible combinations of commodities were examined.17 On the other hand the annual cost could not have been reduced by more than a few dollars by a better selection from these commodities.18 16 Although it is possible that if the diets had been constructed with prices for some other month, other foods would have been chosen.
16 An excess of calories is objectionable, but there is no reason to expect ill effects of moderately excessive intakes of the other nutrients. In the test of various combinations of foods, those nutrients (in addition to calories) which would, if fulfilled, necessarily imply fulfillment of other nutrient conditions were used in the algebraic solution.
17 As a matter of fact, each of these combinations will have a different cost with each set of linear (nutrient) conditions, and there are many such nutrient conditions because excesses are in general unobjectionable. 18 The nutrient with the highest cost (when secured from its most economical
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The derivation of the minimum cost budget for 1944 follows the same procedure.19 The surviving commodities surviving the first test are reproduced in Table B .20 Because of computational limitations, fewer trial combinations were investigated but again no large reduction in cost is possible by further search.
It should be added that the content of a diet can be altered substantially without affecting its cost appreciably. In the process of finding the 1939 minimum cost budget several alternative budgets of only slightly higher costs were found among the most preferable commodities.21 It also appears reasonable to suppose that the number of commodities could be increased materially without increasing much the cost of the diet, although the laborious calculations necessary to illustrate this were not undertaken.
The Minimum Cost Diets
The minimum cost diets for August 1939 and August 1944 are given in Table 2 Table 2 will suggest reasons in addition to those given in the preceding sections for not recommending the diets.
The cost of the minimum cost diet rose exactly 50 percent from 1939 to 1944; the cost of food in the BLS index of retail prices of food rose 47 percent in the same period. The fact that the minimum cost diet, with its variable composition, increased slightly more than the (relatively) fixed-composition index of the BLS, is indicative of the fact (which the detailed data confirm) that the more efficient food sources rose relatively more in price. In this connection it is interesting to notice that the quantity of wheat flour is increased substantially between the two dates, although its price rose more than other eligible cereals. This is an artificial example of the Giffen paradox, that a rise in the price of bread makes so large a drain on the resources of the poorer labouring families and raises so much the marginal utility of money to them, that they are forced to curtail their consumption of meat and the more expensive farinaceous foods; .. .22
The purpose of the determination of the minimum cost diet will be explained in the next section, but in the light of comments of friends a few remarks (which are really a digression) may be added here. It is usually objected that relative prices would change if the commodities in Table 2 became the sole objects of demand. No one recommends these diets for anyone, let alone everyone; it would be the height of absurdity to practice extreme economy at the dinner table in order to have an excess of housing or recreation or
